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“water will one day be employed as fuel, that hydrogen and 
oxygen which constitute it, used singly or together, will furnish 
an inexhaustible source of heat and light, of an intensity of 
which coal is not capable”

shutterstock

Jules Verne in The Mysterious Island
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World’s first ‘hydrogen law’ takes effect. What's in it?09. Februiary 2021

To usher in the hydrogen economy, South Korea 
passed the world’s first hydrogen law.  It centers
on the development of an ecosystem for a 
hydrogen economy and expanded public access 
to the alternative fuel…..
….Most importantly, the hydrogen law tackles the 
safety issues that had long remained in a regulatory 
blind spot. Previously, hydrogen equipment –
electrolyzers, portable fuel cells and hydrogen extractors –
and fuel cell facilities that directly used hydrogen weren’t subject to periodic government safety checks. 
Now, safety assurance will be carried out in three steps -- technological safety at the design stage, 
an on-site examination upon completion of a facility, and annual safety checks….



CANADIAN H2 STRATEGY: AWARENESS FOR SAFETY ISSUES     
IS CURRENTLY LACKING
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THERE ARE MANY MISUNDERSTANDINGS IN THE MARKETS…

ABC Inc.

Presenter
Presentation Notes
The public knowledge about the hazards of Hydrogen is quite restricted. There are a lot of misunderstandings like this example highlights.



SOME HYDROGEN SPECIFIC INFORMATION
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• Overview of hydrogen applications
• Basic properties of hydrogen
• Safety considerations for the use of gaseous and 

liquid hydrogen
• Team approach and education/training needed 

for the safe use of hydrogen
• Mitigation and control of hazards and risks

• Deflagration and detonation
• Oxygen enrichment
• Gas detection (ISO 26142); fire detection
• Many other aspects

TECHNICAL REPORT ISO/TR 15916: 2015 
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Presenter
Presentation Notes
The international standardization started many years ago with the development of appropriate safety standards for Hydrogen applications. To name the most important, there is ISO TC 197 and IEC 105. At this point, the basic overview of ISO TC 197 on the subject of safety in hydrogen applications should be discussed. It is the ISO - Technical Report 15916, which goes into great detail on the presented contents and many other aspects on the subject. Many of the statements and findings that follow in the lecture are taken from this document. Work on the second edition of the TR is currently starting at ISO. The main message is that the primary cause of accidents with hydrogen systems is due to human error.The limitation of a particular hydrogen system design, is operation and maintenance requirements, and the potential for exposure of the personnel and the public to hazards should be appropriately understood by all.Individuals at all levels should receive training consistent with their involvement and responsibility.Fire detection: in the absence of impurities, a hydrogen/air flame is almost invisible to the human eye during daylight. Also, the radiation of a flame is low.



IMPORTANT US REGULATIONS REGARDING HYDROGEN SAFETY
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Hydrogen 
(H2)

Methane (CH4)

Density [kg/m3] 0.08388 0.7175
Molecule size [nm] 0.276/0.106* 0.324
Ignition temperature in air [°C] 585 540
Diffusion coefficient cm2/s in atm air 0.768 0.215
Max. flame speed [cm/s] 346 43
Ignition range in air [vol%] 4 to 73 5 to 14
Heat conductivity [W/(m x K)] 0.18339 0.0341
Minimum ignition energy [mJ] 0.02 0.28

KEY CHARACTERISTICS OF GASEOUS HYDROGEN
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Weka

BAM

Auto - freydank

mdr*ionised

Hydrogen is flammable, non-toxic and non-corrosive. It is colorless, 
insipid and odorless. It can suffocate people. 

E. Brandes; M. Thedens: Kenngrößen des Explosionsschutzes bei nichtatmosphärischen 
Bedingungen PTB Mitteilungen 2003

Presenter
Presentation Notes
2.) H2 is the lightest of all gases – it is around 14 times less dense than air. 3.) Its extremely small molecule size means that H2 has a very high diffusion coefficient both in air (3 x nitrogen) and in solids. The low molecule size is also responsible for the extremely lo viscosity and so a high tendency fo leakage. For this there are high requirements concerning the tightness of the equipment.4.) The high velocity of flame propagation is critical for the deflagration and detonation behavior.5.) Furthermore the broad explosion range (between Upper und lower Explosion limit), combined with the low minimum ignition energy is to be considerd as very critical.6.) The high head conductivity is the reason for the discrepancy between the low Minimum ignition energy and the high auto ignition energy.As generally defined, all safety values refer to the atmospheric standard conditions. The beavior under defferent conditions must be considered separatel as illustrated bythe diagram on the right siteUnder normal pressure, 3000 litres of H2 contain the same amount of energy as 1 litre of petrol!



• Outdoors, the extremely low density allows 
released hydrogen to escape quickly into the 
atmosphere.

• If there are obstacles in the way (e.g. covers or 
roofs) or if it is released in rooms, the extremely 
high buoyancy of the hydrogen creates very large 
concentration differences between the exit point 
and the area under the ceiling in a very short time.

• The turbulence that arises in the hydrogen flow 
can easily lead to detonation transitions.

HYDROGEN IS 14 TIMES LIGHTER THAN AIR!

WorldPress
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EXTREMELY BROAD EXPLOSION RANGE !

4
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Pressure / bar 1 10 100
LEL in Vol-% 4,3 4,9 5,8
UEL in Vol% 78,5 72,4 74

Explosion range Hydrogen

Explosion range Methan

The behavior of the UEL is in 
comparison with other fuels atypical!

Mixture too rich

Mixture too lean

14 Vol%

5 Vol%4 Vol%

75 Vol%

Pressure dependence of the hydrogen explosion limits



MINIMUM IGNITION ENERGY

Source: Reichelt Chemietechnik; Explosion protection manual
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The ignition energy is extremely low over a relatively wide 
concentration range of 10…50%: below 102 µJ

Presenter
Presentation Notes
Over a relative broad area (from 10…50% Vol%) the minimum ignition energy is very low (< 102 Microjoule)The typical minimum ignition time and the minimum ignition volume are also illustrating the higher danger of hydrogen compared with hydrocarbonsHowever close to the LFL and UFL the ignition energy is in the same range as other hydrocarbons



• Viscosity is the internal resistance of a fluid to shear stress. 
• Due to its small molecule size, hydrogen has a very low 

viscosity.
• As a result, the flow rate is relatively high if the gas 

escapes through leaking (porous) areas of seals, 
conduits, etc.

• GRAHAM effusion law
• Average molar mass of air: 29 kg/kmol
• Average molar mass of H2: 2 kg/kmol
• Average molar mass of CH4 16 kg/kMol

• Airtight does not mean hydrogen-tight!

VISCOSITY

Source: HAZ/TU Clausthal Regenerative Energiequellen WS 2007/2008
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𝑣𝑣1

𝑣𝑣2
= 𝑀𝑀2/𝑀𝑀1

𝑣𝑣𝐻𝐻𝐻 = 3,8 �
𝑣𝑣𝐴𝐴𝐴𝐴𝐴𝐴

Grahams Effusion law

Presenter
Presentation Notes
Due to its small molecule size, hydrogen has a very low viscosity. As a result, the flow rate is relatively High if the gas escapes through leaking like porous areas of seals, conduit etc.As you see according to the small calculation on the bottom „airtight is not hydrogen tight“!= = 1/3 nmvλ	viscosity; particle count density; particle mass of gas particles, average particle speed; length of free pathν (Ny)  = Effusionsrate: characterises the oiffusion of single atoms ore molekules of a gas throug a solid body. The movement is through the open space in the molekule texture of the solid. Can be considered as the velocity across the solid body.



HYDROGEN EMBRITTLEMENT
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Steinbeis
VauQuadrat

Presenter
Presentation Notes
Quite famous and well known is the effect of hydrogen embrittlement. There are two effects responsible for that phenomena:The catalytic dissolution of H2 molecules on the metal surface, which is followed by diffusion of ions in the metal lattice where the recombine and produce mechanical stress. The so called hydrogen attack at higher temperatures which is caused by the reaction of hydrogen with the carbon forming Methan.  Hydrogen can be very critical for the structural strength of Metalls.There are two principle mechanisms:1.) H2 embrittlement in steels/metals: Monatomic H+ ions form on catalytic surfaces (dissociation on metallically pure flaws in the surface), which diffuse relatively easily into the metal lattice; combine to form H2 and to create stress cracksNot in austenitic steels such as CrNi – stainless steels; however, especially found in ferritic, hard steels.2) At temperatures above 200°C, many low-alloyed structural steels can already suffer from another hydrogen-related embrittlement phenomena known as hydrogen attack. This is non-reversible degradation of the steel microstructure caused by a chemical reaction between diffusing hydrogen and the carbon in the steel, resulting in the formation of methane (C+ 2H2 CH4. The severity of this effect increases with increasing temperatures and pressure.Susceptibility to hydrogen-induced corrosion depends on a number of additional conditions: Type of crystal lattice (e.g. body-centred or face-centred), surface quality of the metal (e.g. flaws, breaks, weld seams), and load (e.g. pressure, tension, alternating strain)



Fuel Vflame in cms-1 nach 1) Vflame in cms-1 nach 2)
Acetylen 173 155
Methan 36,4 44,8
Wasserstoff 320 325

COMBUSTION SPEED: 
LAMINARE BURNING VELOCITY

1) Mannan S. (2005) Lees`loss prevention…3. Auflage Elsivier, Amsterdam

2) Center for chemical process safety (1994) Guidelines  for evaluating the characteristics of vapour cloud
explosions…American Institute of Chemical Engineers, New York
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Laminar burning velocity: movement of the 
flame front in a homogeneous gas-air mixture 
per unit of time perpendicular to the flame front 
in the unburned mixture.

ResearchGate



…result from:

the physical and chemical properties of hydrogen

the influence of hydrogen on the material properties

the uncontrolled release in accident situations (pressure)

the low temperatures of liquid hydrogen

TECHNICAL RISKS WHEN HANDLING HYDROGEN
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HYDROGEN EXPLOSIONS

DEFLAGRATION AND DETONANTIONS

RESULTING HAZARDS
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• Expansion due to diffusion of heat and radicals
• Combustion speed of hydrogen is between 2 and 3 m/s, therefore 

10 times higher than that of hydrocarbons!
• The visible spread (flame speed) is even higher due to the 

additional force from hot combustion products
• Blockages in the direction in which the flames spread can 

significantly increase the pressure and flame speed (8 to 10 bar)
• The upper limiting value is the speed of sound in a stoichiometric 

H2/air mixture

HYDROGEN DEFLAGRATION AND DETONATION

Geraint Thomas: Some observations on the initiation and onset of detonations; 

The Royal Society publication 2012
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Presenter
Presentation Notes
Hydrogen explosions are also possible with other concentrations. The Oxigen contained in the air is sufficient for an explosion. If the combustion speed is below the speed of sound, we speak of a deflagration. Compared with hydrocarbons the combustion speed of hydrogen is about 10 times higher. This offers special safety problems. The average explosion pressure is 8..10 bar.To compare: Speed of sound in air is 331,5 m/sExplosions occur due to the sudden release of heat combined with chemical chain reactions. Such reactions are characterized by the Avalon – like creation of radicals. (especially activ atoms or ions)



• Reason: closed rooms and obstacles in the way the flame spreads
• Pipes, containers, walls can significantly increase the flame speed
• Above a certain speed, turbulence and instability occur, which ultimately leads to detonations.

DEFLAGRATION TO DETONATION TRANSITION (DDT)
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Brun, K.; Allison, T. C.Machinery and Energy Systems for the Hydrogen Economy

Presenter
Presentation Notes
Sehr ausführliche Beschreibung in ANSI/AIAA



• Spread due to adiabatic heating due to shock waves
• Caused by significant pressure increase in 

uncombusted mixture and/or very high ignition 
energy input

• Spread speeds between 1500 m/s and 3400 m/s.
• Detonation pressures between 15 and 20 bar
• Detonation propagation occurs in the form of a 

spatial wave structure, depending on the 
concentration, temperature and pressure in the 
mixture.

DETONATION OF HYDROGEN
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Geraint Thomas: Some observations on the initiation and onset of detonations; 

The Royal Society publication 2012

Presenter
Presentation Notes
The creation of detonations strongly depends on the geometry of the room containing the explosion. In the free air detonations are only possible if a very high energy amount is applied to an sufficiently large explosive atmosphere. Inside elongated rooms with obstacle for the flow of the pressure wave a compression of the un - combusted atmosphere takes place which causes the emergence of shock waves. The run-up distances required for this are very short, making pressure relief measures very difficult.  In case of an impact of shock waves on walls the pressure can even double! 



BASIC ELEMENTS OF SAFETY CONCEPTS FOR HYDROGEN
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HYDROGEN STANDARDS MAP

Source: Fraunhofer
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Manufacturing

Infrastructure

Steel

Petrochemical

Road Traffic

Railways
Air Traffic

Fuelling

Marine

Basic Chemistry
Logistics

Heat

Fuel Cells

Metrology

Storage



• The manufacturer must perform a risk analysis 
using one or more methods according to 
IEC 31010, Annex B, i.e.

•  HAZOP, fault tree analysis (FTA), FMEA, Markov 
analysis

• and/or ISO 12100 "Safety of machines".
• Normal operation and relevant error conditions 

must be observed during this process
• When planning the system, the requirements 

of ISO 12100 must be followed.

RISC ANALYSIS AS THE STARTING POINT AND THE BASEMENT

Source: Sunfire
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Presenter
Presentation Notes
As in all of these new standards for hydrogen operations the starting activity shall be a comprehensive and systematic risk analysis. There are some standardised methods to do this. The aim is to find all potential hazards, evaluate the risk which is expressed as the combination of the probability that a hazard occurs and of it’s consequences and finally to establish effective measures to mitigate the consequences below an acceptable level. ….The standard comprises 59 pages and deals with all safety aspects of such an facility. It can easily be used for the safety concept of very large electrolysers. It is highly appreciated that all aspects of explosion protection are referenced to the TC 31 standards of IEC.



• Tightness of the system parts by preferably welded 
joints as few connections as possible

• Natural ventilation combined with hydrogen 
concentration monitoring

• Gas detectors according to IEC 60079-29-1 and 
ISO 26142

• Maximum concentration of released hydrogen is 
Vol-1%, with the use of gas detectors 

• If necessary, switching on sufficient and reliable 
technical ventilation

• In the event of a failure, shut down gas production.
Chemietechnik.de
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PRIMARY PROTECTIVE MEASURES TO AVOID EXPLOSIVE MIXTURES:
Tightness => natural ventilation => gas detection => technical ventilation => gas detection => production shut down



LEAK TIGHTNESS OF THE SYSTEM PARTS: EN 1127-1:2019: ANNEX B

VDI, Trotec
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• Normal leak tightness: No release is expected 
during normal operation; if this does occur, it is rare 
and for a short time. 

• Increased leak tightness: No release at all is 
expected, and no explosive atmosphere can form in 
the surrounding environment

• One potential way to achieve increased leak 
tightness is the use of continuous gas monitoring 
with an appropriate degree of functional safety

• ISO 26142: Stationary gas warning equipment for H2

Presenter
Presentation Notes
One of the most important elements of all safety concepts for hydrogen applications is to establish gas tight pipes, fittings, tanks and reactors. However the question is how is tightness specified? In the past there has been some national specification. With the latest edition of EN 1127 ~ 1 from 2019 we got now a international specification in form of the appendix B: As you can see, we distinguish now between Normal leak tightness and Increased leak tightness….   So in any case it is worth to read this text of the new standard edition carefully!Because of the ease of ignition of hydrogen/oxidiser mixtures, most methods for the reduction in risk of hydrogen combustion rely on separation of hydrogen from the oxidisers.The formation of an explosive atmosphere outside of the equipment can be prevented or limited by means of the tightness of equipmentEquipment is only considered to be normally tight if: It is constructed in such a way that, due to their design, they are specific to the device manufacturer specified application maintain their normal tightness;with one of the leak tests or leak monitors suitable for the application / -reviews, e.g. B. with foam-forming agents, with leak detectors or with leak detection devices, there are no obvious leaks.Equipment is only considered to be more tightly sealed if:It is constructed in such a way that they are designed for the specific, application specified by the device manufacturer as intended use their increased tightness retained; this during normal operation and in the event of expected faults by means of documented maintenance is permanently ensured.H2 has a very low viscosity due to its small molecules, which means that the flow rate is comparatively high if the gas leaks through porous materials, fittings or seals 



BASIC TECHNOLOGIES FOR GAS-DETECTION
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Electrochemical Sensor
work similar to batteries and fuel cells. 
• Target substance reacts chemically and 

creates an electrical charge between two 
electrodes. 

• The signal strength is proportional to the 
gas concentration

Catalytic bead sensor (CatEx)
oxidize combustible gases releasing heat. 
• A suitable temperature-controlled 

catalyst material is used, which is also 
heated up measurably by the heat of 
reaction. 

• This slight increase in temperature is 
a measure of the gas concentration.

Infrared sensor (IR)
measure the change in intensity of 
infrared radiation absorbed by target 
substances.
• Infrared is weakened by C-H but not 

by H-H bonds.
• - Methane can be measured with an IR 

sensor, but not hydrogen



• When it comes to Ex protection, zone 
classification as per IEC 60079-10-1 must be 
performed and, if necessary, ignition protection 
methods as per IEC 60079-0 ff. must be 
implemented.

• The specific Ex conditions in oxygen-rich 
atmospheres must be observed.

• Appropriate Emergency stop and shut down 
measures must be installed. NEL
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EXPLOSION PROTECTION BY AVOIDING IGNITION SOURCES



• Material must be suitable for all operationally
• mechanical
• thermal
• electrical
• chemical loads

• Enclosures must have sufficient fire resistance
• Adequate protection against electrostatic charging
• Pressure bearing components must have the required 

strength
• Protection against external influences

faz
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IMPORTANT MECHANICAL REQUIREMENTS

Presenter
Presentation Notes
Materials employed in the hydrogen generator shall be suitable for their purpose. All internal and external parts of the hydrogen generator that are directly exposed to moisture, ion transport medium, process gas streams of hydrogen or oxygen, as well as parts used to seal or interconnect the same, shall have the following material attributes during the manufacturer’s rated service life: retain mechanical stability with respect to strength (fatigue properties, endurance limit, creep strength) when exposed to the full range of operating conditions specified in Clause 4;resist the chemical and physical action of the fluids that they contain and resist environmental degradation; c) be compatible with any other material used in conjunction so as to not have a synergistic and undesirable effect. When selecting materials and manufacturing methods, due consideration shall be given to the following: — hydrogen embrittlement and hydrogen-assisted corrosion; — oxygen compatibility; — corrosion and wear resistance; — electrical conductivity; — electrical insulation; — impact strength; — aging resistance; — temperature effects; — galvanic corrosion; — erosion, abrasion, corrosion or other chemical attack; — resistance to ultraviolet (UV) radiation.



COMPETENCE FOR CORRECT PLANNING, INSTALLATION, 
OPERATION, INSPECTION AND MAINTENANCE IS REQUIRED! 

bmvi
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• Zone classification as per IEC 60079-10-1

• Installation as per IEC 60079-14

• Types of protection with reference to IEC 60079 ff. 
and IEC 80079-36/37

• Inspection and maintenance as per IEC 60079-17



ZONE CLASSIFICATION FOR HYDROGEN TUBE FUELLING 

BR
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Ex-Zone 1

Ex-Zone 2



IS ALL THE EFFORT FOR SUCH A HYDROGEN SECURITY 
CONCEPT JUSTIFIED?
WHAT EXPERIENCES HAVE BEEN MADE SO FAR WITH 
REGARD TO THE DANGERS OF HYDROGEN 
APPLICATIONS?
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08. August 2023 Graz/Austria

Explosion of a Hydrogen Tank
Close to the Autobahn.

One person injured

Heavy damages in the facility.



HIAD 2.0 EUROPEAN HYDROGEN INCIDENT AND ACCIDENT DATABASE 
@ 2022 EUROPEAN HYDROGEN SAFETY PANEL (EHSP)

We., J. X. et al: Statistics, lessons learned and recommendations from analysis of HIAD 2.0 database; International Journal of Hydrogen Energy 47(2022)
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Operational Mode
Number of the considered events per decade

About 700 in total

Regional location of considered events
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HIAD 2.0 EUROPEAN HYDROGEN INCIDENT AND ACCIDENT DATABASE 
@ 2022 EUROPEAN HYDROGEN SAFETY PANEL (EHSP)

Percentages of the events initiated by hydrogen or non-hydrogen 
systems (outer circle)  and those related to different consequences 
(the inner circle)

Percentages related to the causes of the events 
considering multiple causes per event

We., J. X. et al: Statistics, lessons learned and recommendations from analysis of HIAD 2.0 database; International Journal of Hydrogen Energy 47(2022)

About 700 cases found
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We., J. X. et al: Statistics, lessons learned and recommendations from analysis of HIAD 2.0 database; International Journal of Hydrogen Energy 47(2022)

HIAD 2.0 EUROPEAN HYDROGEN INCIDENT AND ACCIDENT DATABASE 
@ 2022 EUROPEAN HYDROGEN SAFETY PANEL (EHSP)

Percentages of events related to 
the 11 Safety Principles (SP#)

Hydrogen safety principles (SP#) (European Hydrogen Safety Panel, 2021).



ESTIMATED H2 RELEASE AMOUNTS (LEAKAGE) DUE TO THE 
INCREASED H2 PRODUCTION (100MT - 500MT)

Fan,Z; Sheerazi,H.;Bhardwaj,A.;Corbeau,A.-S.;Longobardi,K.;Dr.Woodall,C. M.;Agrawal,M.;dr. Friedmann,J.: 
Hydrogen Leakage: A potential Risk for the Hydrogen Economy; Columbia | Sipa Center on Global Energy Policy; 
5.July 2022
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25%

25%22%

14%

8%

3% 3%
Ordin, P.M.: Review of Hydrogen Accidents and Incidents in NASA Operations 1974

Operational and work area deficiencies

Procedural deficiencies

Design deficiencies

Planning deficiencies

Malfunctions

Material failures

Material incompatibilities

ANALYSIS OF ACCIDENTS IN HYDROGEN APPLICATIONS

NASA, Der Spiegel; 
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Two main goals
• Minimize potential human error

=> Training
• Develop systems that remain robust in the 

event of human error

Presenter
Presentation Notes
Hydrogen has been used as a propellant in the space industry for many decades. Systematic evaluation of causes of accidents has revealed high statistical significance:Operational and work area deficiencies – 26%: Accidents due to inadequate working conditions during installation, maintenance, fabrication and cleaning, as well as a lack of training, specific instructions or both.Procedural deficiencies – 25%: Accidents due to failure to follow established procedures or to prepare proper proceduresDesign deficiencies – 22%: Accidents due to inadequate component or system designs, including failure to specify safety devices, omission of other essential information, failure to determine stress and fatigue, errors in material selection.Planning deficiencies – 14%: Accidents due to failure to prepare test plans or to prepare hazard studies.Malfunctions – 8%: Accidents due to anomalies, such as components in the system that failed to function as intendedi.e.: about 90 % of all accidents were cause by organizational deficiencies! For that the major conclusions of this and many similar investigations are as follows: The potential of human errors must be minimized by technical and orgizational methods like training, clear and unambiguous instructions etc. To establish a sufficient awareness of the special hazards of Hydrogen among all persons involved is the key. And second, there have to be robust technical systems with certain intrinsic safety behaviour.



Goal 1: Minimize potential human error:
• IECEx added Hydrogen specific 

competence elements to the Recognized 
Training Provider (RTP) Program and 

• Established Unit 11: Basic knowledge of 
the safety of hydrogen systems

• Unit 11 works in conjunction with two or 
more standard Units of OD 504

• Unit 11 refers directly to ISO/TR 15916

WHAT DOES IECEX DO TO ESTABLISH A SUFFICIENT LEVEL OF
SAFETY FOR HYDROGEN APPLICATIONS?

AGU

28.08.2023© Prof. Dr. Thorsten Arnhold R.STAHL AG | Standards and International Certification Scheme for equipment using hydrogen Technologies 37



CANADIAN HYDROGEN INSTALLATION CODE –
4.2 INSTALLER QUALIFICATIONS, AND OPERATOR TRAINING
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• Only qualified personnel shall be responsible
for the installation of hydrogen equipment 
covered by this code.
• Upon completion of an installation , the installer shall
train the system operator on the proper and safe use
of all hydrogen equipment covered by this code.
• At a minimum, system operator training shall cover
basic hydrogen properties; safety aspects, including the
safe handling and operation of hydrogen systems…



Goal 2: Develop systems that remain 
robust in the event of human error:
• IECEx keeps 35.919 current IIC – Product 

certificates in the online database 
• OD 290 is the basis for harmonized 

procedures for IECEx certification of 
equipment, components and systems 
associated with the production, 
dispensing and use of gaseous 
hydrogen 

WHAT DOES IECEX DO TO ESTABLISH A SUFFICIENT LEVEL OF
SAFETY FOR HYDROGEN APPLICATIONS?

AGU
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OD 290 refers closely to the relevant Hydrogen standards like 
ISO 19880-X and to IEC 60079-46: Equipment assemblies



CERTIFICATION REQUIREMENTS

40

shall be
certified
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R. STAHL
Am Bahnhof 30
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